Abstract-The objective of this study is to discover social communities in a social network using different social network community discovery methods that utilize metrics and structures like degree, clustering coefficient, k-cores, weak and strong components. We have used two different datasets and methods: K-core community discovery method for DBLP dataset and Main Path Analysis method for Arxiv High-energy physics theory citation network. At the end of the analyses, we have obtained several reports that represent the skeleton structure of the communities in the networks.
INTRODUCTION
A social network is a social structure made up of individuals and organizations that form specific groups. Social networks can be an example of collaboration of people in an organization or communities like Facebook, Twitter, LinkedIn, mobile gaming communities. Social communication inside a social network can form a graph where the members are the nodes and communication values are the edges. Social Network graphs are dynamic structures where nodes can be added with new subscriptions and can be deleted with withdrawals [1] .
Social network analysis (SNA) is the methodical analysis of social networks that maps and measures the relationships and flows between individuals, groups, organizations, computers, and other connected entities. There are lots of new concepts, terms and metrics used in social networks analysis like Paths, Components, Cores and Cliques, Clustering Coefficient, Transitivity, Centrality. As described in [2] a community is a tightly connected group where the relationship is strong among the nodes in a group and loose between the groups. Community detection enables the discovery of the structural behaviors of the modules in a graph where the vertices sharing many edges with other members of the graph play an important role in the community [3] .
In this study, it is aimed to discover social communities in a social network using different social network community discovery methods that utilize metrics and structures like degree, k-cores, weak and strong components. There are many types of community discovery algorithms [4, 5, 6, 7] . In this study we have used two different community discovery methods. The first method is called K-core community discovery method. The k-cores are fundamental structures in graph theory and they are used in many studies [4, 8, 9, 10] . The second method we have used is called Main Path Analysis method [4, 6, 7, 11, 12, 15] . This paper is organized as follows. In section 2 we give an overview of the two community discovery methods we have used in this study. In section 3 we provide the results of the experiments that are conducted. Section 4 includes conclusion.
II. OVERVIEW OF APPLIED METHODS

A. K-core Community Discovery Method
A k-core is a maximal subset of vertices such that each is connected to at least k others in the subset. K-cores can be used to identify the clusters or cohesive groups in a network by using the degree property of the network [4, 5, 6, 7] . K-core community discovery method can be used to detect cohesive subgroups or communities; by simply removing the lowest k-cores from the network until the network breaks up into relatively dense components, preferably cliques. While removing k-core, k should be chosen as great as possible for that subset. As a result, each component can be thought as a cohesive subgroup or community in social science. In large networks, this is an effective way of detecting communities. Iteratively it is possible to increase the level of k-cores and refining the community graph by applying strong or weak component transformation as shown in the Figure 1 . 
B. Main Path Analysis Method
Citation networks are one kind of social networks and analysis studies on citation networks dates back to 1960's after 978-1-4799-0661-1/13/$31.00 ©2013 IEEE citation databases became available. In 1960's, Garfield has published a study that finds out concurrence between the events in Dr. Isaac Asimov's historic reports and 1961's Science Citation Index [8] .
Citation network is the network of citations between academic papers. In principle, articles can cite only previous published articles. Because of this the citation networks should be acyclic. Sometimes there can be exceptions for the articles that have been written at the same time citing each other. These can form loops. Nowadays, citations are used to describe the importance of papers, authors. Citation analysis can be used to reveal the evolution of research traditions. Citation analysis can find out communities formed by researchers of a particular area.
A special technique named main path analysis was proposed by Hummon for citation analysis. Hummon [ [13] proposes SPLC (Search path link count), SPNP (Search path node pair) and the NPPC (Node pair projection count) where SPLC is the count of the links when these links are members of shortest paths. SPNP is very similar to SPLC except it is considered for the certain node pairs. NPCC finds the search paths connecting all node pairs and project it to the whole network [15] . Batagelj [14] has taken a step forward of Hummon's technique to be able to process very large citation networks and introduced a related search path count (SPC) method. He has executed experiments on SPC, SPLC, NPPC and he realized that these all three techniques have given the similar results but SPC is more preferable.
In main path analysis, the key idea is that most important citations form one or more main paths of a research tradition. Main path analysis detects a research tradition by calculating the traversal weight of a citation. The procedure counts all the paths from source nodes to sink nodes. After that it counts the paths that use a citation. And this number is divided by the total number of paths which gives the traversal weight of a citation Error! Reference source not found.. Figure 2 . Traversal weights in a citation network [4] As an example in Figure 2 Figure 2 are calculated in this way. And the next step is to extract the main paths which identify the main flow of a literature. In a citation network, the main path can be defined as the path that has the highest traversal weights from a source to sink node. The main path here starts with v 1 and v 5 because they have the same arc values: 0.25. v 6 is the next vertex on the main path. After v 6 the main paths goes directly to v 4 or via v 2 to v 4 . One main path leading to the same sink can be accepted as a research tradition [4] .
III. EXPERIMENTAL RESULTS
Our experimental results give information about the two experiments performed with two methods we have conducted separately on DBLP and Arxiv datasets. DBLP dataset is used as the first dataset to discover the communities by using the Kcore Community Discovery method. It is very difficult to work on entire DBLP database because of the nearly 1 GB size on a notebook with limited memory. Therefore we have worked on a smaller sample that is extracted from DBLP database. The obtained sample dataset includes 30 MB's of data that contains 87,555 nodes and 217,455 edges. Arxiv HEP-TH (high energy physics theory) citation dataset is used as the second dataset to discover the research tradition in the main path by using Main Path Analysis method. This dataset covers all the citations within physics community that has 27,770 nodes and 379,563 edges. If a paper i cites paper j, the graph contains a directed edge from i to j. The dataset includes papers in the period from January 1993 to April 2003 (124 months). The dataset size is nearly 4,3 MBs and it is in .NET file format.
In order to apply the experiments on the datasets, Pajek Framework [4] is used to define the communities and the main path. Pajek can process K-core, weak component for DBLP and SPC (Search Path Count) command for the Arxiv dataset.
DBLP dataset is stored in XML format. Pajek accepts .NET network file format. In this study, we have preprocessed this dataset and then converted into .NET network file format for our analysis. We have developed a program for data preprocessing and conversion. The phases of the data preprocessing process for converting DBLP dataset into .NET file format is shown in Figure 3 : In the first step, we have used XML to CSV convertor program to extract the article-author category-entity information from the XML file. This program enables the extraction of XML elements defined in tags. At the end the program processes XML file and produces a CSV file for each tag. This CSV file includes two columns separated by a semicolon. The first column is the author of the paper and the second column is the paper id that is published by the referred author. If the paper ids are the same that means that these articles are written by the corresponding authors together. The papers written by 2 or more authors must be represented by edges. Then, we produced an output file that stores pairs of authors that write the same article and converted the output file into Pajek .NET format.
As described in Section 2 we have used K-core Community Discovery Method to discover communities. The iterations are applied with Pajek on the DBLP dataset is shown in Table I . For clarity here we present the first five and last three iterations in the experiment. We have analyzed the characteristics of sample DBPLP social network before and after applying community discovery algorithm by using Gephi tool [16] . After applying k-core discovery method, we obtained a smaller social network that gives highly collaborative authors. Table II shows characteristics of DBLP social network with different social network evaluation metrics before and after application of the discovery method. After the application of discovery method of DBLP social network, we have observed that the Density, Average Degree, Average Clustering Coefficient, Average Embeddedness values are increased while Diameter, Number of weak components, Number of shortest paths, Average Path length values are decreasing.
As a second experiment, we have used Main Path Analysis Method to discover the research tradition on Arxiv citation network. On Arxiv citation network, each node represents paper and edges show citations. This network has 27,770 nodes and 379,563 edges. Table III displays In a citation network, there might be articles appearing approximately at same time and reference to each other. In order to apply Main Path Analysis, the citation networks should be acyclic, that is, there should be no cycles or loops in its directed citation network that reference to each other. As a first step, we remove cyclic references from the network by finding strongly connected components that contain cyclically connected vertices. Then we shrink each strongly connected component into one vertex and remove the loops from the network. In Table III , steps 2-4 shows the results of removal of cycles from the network.
In
Step 5, we applied SPC method to find main paths in our citation network. Citations show flow of knowledge in a research community. Each flow includes a path of citations. Citations that appear in many paths are important in transfer of knowledge. This is expressed by traversal weight. The traversal weight of a vertex or an arc is the proportion of paths from all sources to all sinks in the entire network that include the particular vertex or arc. In a citation network, a main path is the path from a source vertex to a sink vertex with the highest traversal weights. In evaluation of traversal weights, we applied the SPC algorithm which is one of the effective algorithms as discussed in section II. The main path component is identified by removing all arcs whose traversal weight is less than a given cut-off value. A cutoff value between 0 and 1 (trivial) can be selected and the lines smaller than this cut-off values is removed. After removal of arcs, Figure 6 shows the connected component which is the resulting main path component that shows a research tradition. This network has 73 edges and 74 nodes. Each nodes represents an article that is cited by many other papers.
After the discovery of articles on the main path, we tried to understand the subjects of these articles. We searched similar words that appear in article's title, abstract and keyword list. Table IV lists some of the common words that appear in these papers. Most of these papers is related with string theory and its associated theories like brane cosmology in Pyhscis. We can also conclude that the most influential authors are authors that wrote the papers on this main path. A social network can be defined as a network where actors are nodes and edges are the relationships such as friendship, common interest, relationship of collaborations and citations etc. The objective of Social Network Analysis and Mining is to identify local and global trends, structures and patterns, discover communities, locate influential entities, and examine network dynamics. It is an emerging and respectively new research area that gathers attention of researchers in many disciplines and industry.
Community detection and evaluation is an important task in social network analysis and mining. In this study we have researched the Community Detection Algorithms and methods that discover the communities in the social networks. We applied two different methods on two different datasets. We have selected two datasets: DBLP and Arxiv citation network.
